Macroscale contact angle and surface energy measurement
Wettability of surfaces by liquids is of great interest in a number of fields ranging from engineering to medicine. Wetting phenomena on a macroscopic scale can be illustrated using Young's equation. 1 (1) = -where is the contact angle, is solid/liquid interfacial free energy, is liquid/vapour interfacial tension (liquid surface tension) and solid surface free energy.
The contact angle is estimated using the sessile drop technique by measuring the angle between the tangent lines along solid-liquid interface and liquid-vapour interface of the liquid contour as shown in Fig. S1 . A contact angle of 0° and 180° correspond to complete wetting and non-wetting respectively. Surfaces exhibiting contact angles below 90° are called hydrophilic and those above 90° are called hydrophobic. In the past few decades many semiempirical analytical models have been developed to compute surface free energy from measured contact angles such as Fowkes, 2 Owens Wendt Rabel and Kaelbel (OWRK), 3 Van Oss-Chaudhury Good/Lewis acid base theory, 4 Zisman 5 and Neumann, 6 to name a few. Each approach is targeted for measuring surface energies of either low surface energy materials or high surface materials or both. Also, the essence and physical interpretation of these approaches are different and therefore subsequently provide information on total surface energy or individual components (polar, dispersive, hydrogen bonding etc.) of surface energy or both. In our work, the OWRK method has been adopted which is suitable for universal systems. 
Description of OWRK method
Owens, Wendt, Rabel and Kaelble developed a two component model to separate the interfacial tension according to the underlying interactions between the molecules. These interactions are defined as polar and dispersive interactions. The total surface energy of the solid is the sum of the two parts. The polar interactions arise due to the permanent dipolepermanent dipole interactions or Keesom forces. 7 They are stronger and only exist in polar molecules. Dispersive component also known as London forces are weak and arise due to Supplementary Material (ESI) for Nanoscale This journal is © The Royal Society of Chemistry 2015 random fluctuations in the electron density in an electron cloud and hence lead to temporary/induced dipole interactions. 8 In OWRK method, at least two liquids with known dispersive and polar parts of surface tensions are needed to compute the solid surface free energy as there are two unknowns (solid/liquid interfacial free energy and solid surface free energy). The combining rule proposed by OWRK model is indicated below.
Where γ sv D and γ lv D are dispersive components and γ sv P and γ lv P are polar components of solid and liquid surface energies respectively.
Substituting for γ sl from equation (1),
By dividing in equation (4), we get,
The above equation can be represented in the linear form, For determining the thickness of h-BN, h-BN has been transferred to a copper grid for TEM characterization. The high resolution TEM image on the edge of h-BN is shown Fig. S3 . The image shows the crystalline and layered nature of h-BN where the number of BN layers is determined to be ~10. Measured contact angles with four test liquids on the fabricated 2D structures are shown in Table S2 . The standard deviation has been calculated based on the variations in the measured left and right contact angles and also taking in to account the instrumental uncertainty of 0.1°. Figure S4 shows the contact angle images obtained for ethylene glycol, diiodomethane and formamide on the 2D structures. From earlier reports on wetting of 2D materials we also believe that airborne contaminants have a pronounced impact on wettability and can significantly modify the water contact angle. The contact angle measurements were carried out in a controlled class 10,000 clean room with 45 % RH condition. Annealing was also performed in the same clean room environment and the samples were measured immediately after the samples were cooled down to room temperature. Surfaces are believed to adsorb hydrocarbons from ambient air and such adsorption reduces the surface energy and increases the hydrophobicity of the material. In order to study such an influence of time over the wettability, we performed water contact angle (WCA) measurements over time (t = 0 to 24 hours) on MoS 2 /SiO 2 /Si. For annealing, we followed the procedure adopted in electrical measurements. For example, annealing at 400 K recovers the intrinsic surface of graphene/BN system as evident from the zero charge neutrality point. 9 The samples used in this study were thermally annealed at 150 °C to remove any aromatic hydrocarbons and moisture that might be present on the surface before the contact angle measurements and with the samples exposed to the controlled clean room environment and even with ageing the WCA seems to be almost constant (see Fig. S5 ). Any presence of MoO 3 should be reflected as a strong Raman peak at ~820 cm -1 . A Raman spectrum of MoS 2 after 150 °C annealing showing absence of any peak near 820 cm -1 is shown in Fig. S6 . So we can rule out the oxidation process at 150 °C.
